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(54) Title: CONCENTRATION AND LYSIS OF ADENOVIRUS-INFECTED CELLS IN A SINGLE UNIT OPERATIONS 

(57) Abstract: A method is described to prepare intracellular biological entities (e.g., organisms, such as, e.g., viruses, particularly 
Adenoviruses; organelles, or biological molecules), comprising subjecting cells containing the biological entities to continuous cen- 
trifugation, under conditions effective to concentrate the cells into a cell pellet; and ejecting the pelleted cells from the centrifuge into 
a collection receptacle, under conditions effective to lyse cells; wherein no further steps effective to achieve cell lysis are performed. 
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CONCENTRATION AND LYS.S OF ADENOV1RUS-INFECTED CELLS ,N A 

SINGLE UNIT OPERATION 



tQ a method t0 prepare viruses (e.g. , Adenoviruses) or other 
This invention relates, e.g., to a method to prepa 



intracellular organisms. 



organisms,siichas,eg.,viiw continuous 

u- Mine rells which contain said biological entities 
molecules), compns.ng subjecting cells 

cell lysis e g.,afreeze-thawstepormi 

f ^^hndimentorsanismsthuspreparedretainahighdegreeoi 

and/or infectivity; and entities sucn as 01 s 

biologically active. n . ingle 
0„ e advance of the method is than, allowsooe to concentrate and lyse 8 

° n " 8 . ,. f .„„ >ndredMi „., h e cos, of isolating m,ra«Uu| a r , subcelluto) 

active mtraceUuiarmaienmc , , t - viruses, remain 

substantially intao. andA* viable duting the iysis ptocedu^ 

Onembodimen.oftheinvannonisama.hod.opreparem^acollolaiouatnsm 
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a collection recepiacic, uuu ;«trnrpUulnr organisms 

, • • rfftrm ed Another embodiment is a method to prepare intracellular or^aiu 
achieve cell lysis is performed. Another e othece |ls to continuous centrifugation 

fron.hostcellscontau.ngsaidorgamsms.compnsungsubjectmgthecellstocon 



WO 02/070673 PCTYUS02/05596 

• 4 

under conditions effective to concentrate the cells into a cell pellet; and ejecting the pelleted cells from 

* 

the centrifuge into a collection receptacle, under conditions effective to lyse cells. 

Another embodiment is a method as above, wherein the cells in the "ejectate" (the ejected cells) 
are substantially lysed and/or predominantly lysed; at least 50%, preferably at least 90%, of the cells 
are lysed; the cells are lysed as they are ejected; the intracellular organisms are viruses; the viruses are 
Adenoviruses; the Adenoviruses are recombinant Adenoviruses suitable for gene therapy; the yield/cell 
of Adenovirus particles or infectious Adenovirus is greater than that obtainable when cells containing 
said Adenovirus are lysed by a freeze-thaw procedure, e.g. , the yield/cell of Adenovirus particles is 
about 1.2 to about 1.6 fold greater, or the yield/cell of infectious Adenovirus is about 1.5 to about 1.9 
fold higher; the cells are animal cells, preferably mammalian or insect cells; the cells being ejected are 
under a relative centrifugal force of about 6,500 to 1 0,000 g, preferably about 7,000 to 9,000 g; said 
centrifugal force is about 7000 or 8,000 g; the pelleted cells are ejected through one or more ejection 
outlets.having a rectangular shape and a cross-sectional area of about 50 to 500 mm 2 ; the cells are 
centrifuged in a VVestfalia Centrifuge, Model CS A- 1 or CSC-6 ; or the forces exerted on the cells at 
the time of ejection are effective to substantially lyse the cells. 

Another embodiment is in a method of preparing intracellular viruses from cells containing said 
viruses by continuous centrifugation, the improvement comprising harvesting viruses from the ejected 
cell pellet directly, without performing an additional step effective to achieve cell lysis. 

Another embodiment is a method to prepare a cell lysate, consisting o f subjecting cells to 
continuous centrifugation to form a cell pellet; and ejecting said pelleted cells into a collection 
receptacle, wherein the collected cells are in the form of a cell lysate. 

Another embodiment is a method to prepare a cell lysate, comprising subjecting cells to 
continuous centrifugation under conditions effective to concentrate the cells into a cell pellet; and 
ejecting the pelleted cells from the centrifuge into a collection receptacle, wherein the cells are in the 
form of a cell lysate; wherein no additional step effective to achieve cell lysis is performed. 

Another embodiment is organisms (e.g. , viruses, particularly Adenoviruses) prepared by any 

of the above methods. 

Another embodiment is a method to prepare an organelle or biological molecule, comprising 
subjecting cells comprising said organelle or biological molecule to continuous centrifugation under 
conditions effective to concentrate the cells into a cell pellet; ejecting the pelleted cells from the 
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centric into a collection receptacle, wherein ,he ceUs in the "ejectae" (ihe ejected cells) are 

the organelle or biological molecule from Ihe ejecrate. 

I„ the method of the invention, a culture of cells comprising a biological entity (e.g., an 

orsamsm^lleorWologicalma^ 

to inracr cells) collect* in acentrifuge container (e.g., ahowl), while spent medium isconttnuonsly 

ofwashbuffe^anysuirablewashbuffer.eg.PBS.reeaingbnffeOisoprronal.ystanedmorderro 
exch.nne.rysupemaranrr.m^nginrhecenrrifugeeon.ainercviththewashbufferFollowingth.s 
exchan g e(ifemployed),,h=wa ! hbufferfe d isdiscon.inucdand,heconcenn*deellsare=xpelled 
femmecenrrimgecontainer^ughaseeondorttletintoasecondcollection^cleDependtng 
„„,K e vomm«,nwbach,heceil S ^ejec,ed,«hece U concen rat ionc m besi^ncan,lygrea,er,hanme 

initial concenrration in the feed (e g , about a 10-fold to 50-fold concentration rypically about 30-fold). 
Wirhou.wislttng.obebound.oany.heory.irisproposed.ba.tltecellarematnsubs.anrtal.y 

mtaclaarhey^cenmmgedtmorhecellpeller.Tbatis.asmallenou^ftnc.ronofcellsis.yseddunng 

cenmfcgationsomataaigmncan.^^ 

medium Conditionaofcentrifugalioncanberoutinelyoplimizedforanycellofinterestinorderro 
minimize the amount of cell lysis during centrifugatton. See, e.g., Examples 2 and 4 for ryptea, 

centrifugation conditions. 

U is also proposed mat as the concentrated (pelleted) cells are then ejected from the centnfuge 
through an ejection outlet, they are subjected to forces (e.g. , shear forces,, such that the cel., are 
substanrially lysed. A variety ofejection means by whichcells are ejected rhrough an ejecrion outlet 
areencompasaedbymeinvention.mgeneraUellsareforcedoutofCexpelled^rhecenmnageby 

centrifugal force through an ejectton ourle. when a barrier j,g, a gate) is removed (e.g., hfttd or 
displaced,,a,anoppo n un«,,me,,oexpose,hee J ec.ionoutle,.Suchba m erscanheop.ra,edbyany 

of a variety of mechantms, ,g, eleclronic (e.g., solenoid,, pneumatic, magneric orby amechantcal 
h^uge.lnapreferredembodtmenr.agateisopenedbyahydr.ulical.yoperarcddnve.usingwa.er 

, whichdoea no. contact the cells. Typically, the supernatant isconttnuously and separately discharged 
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through a first outlet to a first collection receptacle, while the pellet is being discharged through a second 
outlet into a second collection receptacle. However, the supernatant and pellet fractions can, 
alternatively, be collected sequentially, through the same outlet. 

By "substantially lysed M is meant herein, e.g. , that a sufficient number of cells lyse to allow for 
high yields ofbiological entities (e.g. , organisms, organelles, or biological molecules) in the ejectate. 
For example, greater than about 85%, 90% or 95% of the cells are lysed. Substantially lysed cells are 
sometimes referred to herein as a "lysate." Biological entities in the ejectate can be isolated (e.g. , 
separated, purified) from undesired (e.g., contaminating) material in the ejectate without being 
subjected to further cell lysis procedures (procedures which break open cells). Procedures to separate 
such biological entities from subcellular components, such as, e.g. , cell membranes, are not considered 
cell lysis procedures and are permitted in the inventive method following the ejection step. 

Cells subjected to the method of the invention can be "predominately" lysed, e.g., greater than 
about 50% of the cells are lysed, eg., greater than 60%, 75%, 85%, 90% or 95% of the cells are 
lysed. 

The forces to which cells are subjected during ejection from the centrifuge are a function of 
several factors, including, e.g. , the g- forces exerted on the cells upon ejection, the pressure drop across 
the ejection outlet(s) (e.g., one or more bowl outlet ports), the shear force around the ejection outlet(s), 
and the impact force of the cells hitting the collection vessel (e.g., the outside chamber of the 
centrifuge). The g-force exerted on the cells during ejection is a function of both the radius of the 
centrifuge bowl and the revolutions per minute (rpm) at which it is spinning. Preferably, the cells are 
ejected under a relative centrifiigal force of about 6,500 to 1 0,000 g, more preferably about 7,000 to 
9,000 g, most preferably about 7000 or 8,000 g. The pressure drop across the ejection outlet and the 
shear force as cells pass through it are a function of many factors, including e.g. , the dimensions of the 
outlet. In one embodiment, cells are ejected through a plurality of outlet ports, e.g. , between about 2 
to 20 outlet ports, preferably about 6 to 1 0; and each outlet port has a cross-sectional area of about 
50 to 500 mm 2 , preferably about 1 00-300 mm 2 . The outlet ports can have any shape which provides 
forces (e.g. , shear forces) sufficient to substantially lyse the cells; in a preferred embodiment, the outlet 
ports have a rectangular configuration. 

Any continuous centrifuge, e.g., a disc stack or open bowl centrifuge, can be used in the 
method of the invention, provided that a high yield of intracellular biological entities (e.g, Adenoviruses) 
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, • • rt i«n rt fthe cell oellet into a collection receptacle and harvesting of the 
can be obtained following ejection of the cell peneiuuu r 

• , •■ from the eiectate Among the desirable properties ofsuch a centrifuge are that the 
biological entities from the ejectate. Among u» r 

• At ■ r,r,nt forces (e- shear forces or centripetal forces) as they enter the 
cells are not subjected to significant forces le.g-snear 

hyto ,e m «ic feed system (HHFS), in which ,he product aream/feed stream is acceleraledby the 

* .fn a sediment holding volume ot 0.23 L, a 

ce „mfugcwithHHFS,whichh aS abowlc a pacuyof0.6I.,as C (limenll,o = 

■ t >.„ ,mnl/h amaximumspeedonO.OOOrpm.andanadjtistable 
maximumflowratecapac.tyofabout300Uh,amaximum y 

.. . rcr firmirifii=emthHHFS,whichhas 

backpraasuraofthawas.emriivun^Was.fahacoaunaouaCSMcantnfu^w.m , 

ahow,capac, ty o f ..SL,as e d im an l h. 1 di„ g .o,u m aofO,L,a ra axi mum flo. raK ca P ac, V orahoa, 
300UMmax ta » ra spa 5 dof 12 ,000 [ p m ,»„da„ad ) us,*ha ck p re ss U r=of t hawas,= m =d,u m .,o, 
lhe Mf,Uva l BTPX20 5 co„.inuou S ce„.H f u g e,whic h h K acapac^of 1 2C*IA^a— 

speed of 9650 ^ The aching for hac, pressure of ,ha was,e — - b. 

P, is o f L.,l,aswe„— d^fod-a—hio^^aswhach^ 
cantrifogation, as well as other parameters dtscussed elsewhere herem. 

a- e a a vaccine One advantage of the inventive method is that it 
30 as a source for the preparation of, e.g., a vaccine, une 

-5- 
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allows for a higher yield of viable and/or infectious intracellular organisms per host cell than do other 
methods. The inventive method is particularly suitable for organisms which retain a high degree of 
viability and/or infecti vity following the preparation procedure. Methods to measure viability and/or 
infecti vity are routine and conventional. For Adenoviruses, for example, one can measure infectious 
5 particles with CPE, end point dilution, or a plaque forming assay, or can use FACS analysis, e.g. , in 
conjunction with FITC labeled anti-penton (coat protein) antibody. See, e.g. , Ayala et al. (2000), "A 

* 

flow cytometry method for determining Adenoviral infectivity and for directly monitoring Adenovirus 
infections of suspension cultures," ACS National Meeting, March 2000, San Francisco. A "high" 
degree (yield) of viability or infectivity (e.g. , per starting amount of host cells) is, of course, a relative 
1 0 term. It can be determined for each type of organism individually, taking into account the state of the 
art of purification of that particular organism. See, e.g. , Example 4, which illustrates that infectious 
Adenovirus can be obtained in substantially higher yields per host cell (here, about a 1 . 5 to 1 .9 fold 
increased recovery) when prepared by the method of the invention, than when prepared by other 
procedures. 

1 5 Organisms prepared by the method of the invention can be pathogenic or non-pathogenic. 

Among the types of organisms which can be so prepared are any of a variety of parasites, e.g., 
protozoa, which can reside inside a host cell and which remain intact (and/or, preferably, viable and/or 
infectious) following preparation according to the method of the invention. Such organisms will be 
evident to one of skill in the art and include, e.g. , malarial organisms (e.g. , Plasmodium falciparum, 

20 malaria, vivax or ovale), Trypanosoma, Leishmania, Onchocerca, Schistosoma, Entomoeba, 
Cryptosporidia, Giardia, Trichomonas, Toxoplasma, or Pneumocyctis. In apreferred embodiment, 
viruses are prepared by the method of the invention. Any of a variety of such viruses can be prepared, 
including, e.g. , DNA or RNA viruses, such as those falling into the following families: Parvoviruses, 
Adenoviruses, Herpesviruses, Poxviruses, Hepatitis B-like Viruses, Picomoviruses, Calciviruses, 

2 5 Astroviruses, Togaviruses, Flaviviruses, Corono viruses, Paramyxoviruses, Rhabdoviruses, Filoviruses, 
Influenza viruses, Arenaviruses, Bunyaviruses, Reoviruses, Retroviruses and others which will be 
evident to one of skill in the art. Most preferred are Adenoviruses, e.g., avian or mammalian 
Adenoviruses, of any of the serotypes which have been identified. In a most preferred embodiment, 
recombinant viruses, such as, e.g. , recombinant Adenoviruses or Adeno Associated Viruses which are 

30 suitable for gene therapy, are used. A variety of virus vectors have been described, including 

-6- 
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Adenoviruses and Adeno Associated Virusesdefechve in appropriate genes (**.E1 gone deficient 
a. to ovin,s), which are suitable fo, gene therapy applicattoos. Anyofavarietyofgenescanserveas. 

rt^oril. introduced rnropattents in m=«hodsof,*.g., gene therapy. Thesalecon 

of suitable vectors and genes which can be express .herein, and methods to make such constructs 
a„d«ouse,hc m for,„v„ ro or«»,vome«hodso fS e„e toP ,,ar e conv e »tio„a 1 andwol l -known,o 

,hose of skill in the an (see, J. « «' » *«— " C ""'" S " 

Mn«f. Cold Spring Harbor Press, Cold Spnng Harbor, NY). Genea which can b= u*d ,n the 

m „hod of.be invention include, e.g. , genes encoding po,ypep.ides such a S enaymea, honuones, 

cytokinea, growth facrors. etc. Also, marker genes such as, , S . , lacZor Green Huoresoen, croretn 
ca„beexpressod.O,he,.ypesofor g anis m awhicbca„bepreparedbydae m e,hodof,hei„ven,,on 

i„clud=, e . s .,infec.iou S agen K suchas,, S .,prions.Ofcourae,mu t an,sorva„a„.fon,sofanyof,he 
above organisnrs, including vin.se,, oan be prepared by .he nretbod of the inventton, as can 

,o t heprepara.ionofAde„o,iruse,Howev e ,,oneofaldUind 1 ea n w,,lrecogni I ..ha,anyappropntne 

organiam, organoUe or biological nrolecule can be prepared by rhe methods descnhed herern. 

The intracellular organisms contained in a hoatoell can he introduced into rbarhosrb, any of 
a var,e,yofproeedures.Inone=mbodimen,,>heorg»ni S msinfec,.heboatcellaand,as.b«,^ow 

,„d/orrep l ica,e,damage,b.ho S .c*(,«.,ly«o,od,e ro ,s=ki,l,hem).I„suchacase,o„eofsk,l, 

i„ the an can readily determine optimal condirionaof infecrton, and optima, times a, which >o harvest 
rhemtracellu.arorgamsmsoaa.oma.vrmtae.heyneld.ExampleJillustraresrypicalcondt.ronsfo, 

erection of mamnralian cells wirh Adenovuus. One need no, use an intact organism to infectthehost. 
F „ re vam P le,„a>u,al,yoc<turringor,ecombina„,nuc,eicacid,op,iona,lyin.bepres e noeofhc,per 

organisms or helper nucleic acid, can be inrroduoed into a cell (e.g., transfecred inro U), uatng 
conven.ronahan.rccosnizedm.rhods.Appropria.epackagrngoellsmayalsobeused.Inanorher 

, g . rhay remain in adormant, t»-me,abo,izing, non-growingor non-rephcaring srata, or they grow 
^orrepltcauataratcorinamannerwhichdoeanornegarrvcyaffectrboviabihtyofthehostce,!. 
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The method is also useful for preparing cell lysates of cells which do not necessarily contain 
such organisms, and/or for preparing intracellular (e.g. , subcellular) biological entities present in such 
lysates. By "biological entities" is meant herein, e.g. , organisms, such as those described above; cellular 
organelles (e.g. , mitochondria or chloroplasts), or organisms which reside within such organelles; or 
5 biological molecules (e.g. , macromolecules such as, e.g. , recombinant or non-recombinant proteins 
(e.g., cytokines or chemokines, receptors, or transcription factors), nucleic acids, etc., or smaller 
molecules such as, e.g., ligands, nucleosides, nucleotides, or oligonucleotides). The term "biological 
molecules" also encompasses macromolecular structures such as, e.g., receptors; complexes which 
comprise proteins, lipids, and/or nucleic acids; or the like. The lysis procedure of the inventive method 
1 0 can allow for more Intact structures and/or increased biological activity ofbiological entities so obtained 
compared to those obtained using different lysis procedures. For example, protein complexes, 
complexes of nucleic acid and protein, receptor complexes, large DNA molecules, or chromatin 
molecules isolated by the method can remain more intact than when prepared by using other lysis 
procedures. 

.15 The intracellular biological entities can reside in any compartment of the host cell (e.g. , the 

nucleus, the cytoplasm, acellular organelle, or associated with an intracellular or cellular membrane), 
provided that, following ejection of the cells from the centrifuge, the intracellular biological entities can 
be recovered from the ejectate without being subjected to an additional step effective to achieve cellular 
lysis. As noted above, procedures to separate such biological entities from subcellular components, 

20 such as, e.g., cell membranes, are not considered cell lysis procedures and are permitted in the 
inventive method following the ejection step. 

Many types of cells (e.g. , host cells) can be used in the invention, and will be evident to one 
of skill in the art. Preferably the cells are sufficiently robust to withstand forces encountered during the 
centrifugation process (e.g. , centrifugal forces, shear forces), so that they do not lyse substantially 

2 5 before being ej ected from the centrifuge, yet are sufficiently fragile to be lysed during the method (e.g. , 
during the ejection step). Such cells include, e.g. , animal cells, including insect cells, amphibian cells, 
mammalian cells (e.g., monkey, mouse or human cells such as, e.g., HEK-293 cells), and the like; one- 
celled organisms (e.g. , bacteria, various types of yeast, etc.), particularly those which are, or which 
have been modified so as to be, sufficiently fragile to be lysed upon ejection; plant cells (e.g., 

30 Arabidopsis), particularly those which are or which have been modified so as to be sufficiently fragile 

-8- 
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to be lysed upon ejection; blood cells; or mutants or variants of any such cells. A preferred type of 

hostcellisonewhkhsupportsthe^^ 

themt0 reach mghtiters.Fore^^ 

-gene such as, e.g., an Adenovirus El gene, e.g., one from Adeno type 5, can be used. 

Of course, it is not required that the cell remain intact during the centrifugation procedure. For 

example, abiologica^ 
portionofanon-intactcell^^ 

debris, or the like) which forms part of the "cell pellet" upon centnfugation, and can be recovered 
followed ejection of that material from the centrifuge into a collection receptacle. 

Additional steps, all of which are conventional, can be employed before or after the invenuve 
method of preparing intracellular biological entities. 

. For example, cultures of cells to be centrifuged can be prepared by a variety of procedures, 
in small quantities or in large amounts (e.g. , in large volume fermentor reactors). Conditions for 
mfectingcells.propagatingmem^^ 
suchascelldensity.pH^ 

optimum times after infection to harvest the ce.ls) are conventional and readily opt.rmzed. For 
condit.nsforgrowingAdenovi^ 

suspension cell culture process to manufacture recombinant adenoviral vectors for gene therapy, 

and off-line methods, Biotechnology Progress 16, 866-87 1 . 

The cells are introduced into the centrifuge at a feed flow rate which is selected so as to 
optimize the yield of biological entities therein. That is, the rate is slow enough to permit efficient 
pelleting of the cells (to minimize loss of cells in the supernatant stream), yet fast enough to prov.de 
efficient throughput. For example, in a typical procedure using a CSA-1 WestfaUa Centrifuge, the feed 
rate is about 1-3 L/min, and the bowl speed is about 6-12,000 rpm, preferably 10,000 rpm. 

Following ejection of cells from the centrifuge into a collection receptacle, the cells or cell 
lysates are "harvested." Harvesting cells can mean merely collecting the crude lysate o f cells in the 
collection receptacle, or, optionally, performing further steps to isolate (e.g. , purify, separate) the 
b iolo gl cal entities from undesirable contaminants, such cellular components, in the ejectate. Among 
3 meconventionalprocedures^ 
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bed adsorption chromatography to remove cell debris and/or to concentrate the virus, size exclusion 
chromatography, ion exhange {e.g., DEAE) chromatography, ultracentrifugation, ultrafiltration, etc. 
Expanded Bed Adsorption chromatography (a.k.a. Fluidized Bed) is a technique used in 

♦ 

protein and viral purification. This technique is based on the fluidization of chromatographic resins to 
5 a minimum expansion of two fold of the settled bed height. Byexpanding the resin bed, this technique 
combines several unit operations with one step. Expanded Bed Adsorption (EB A) chromatography 
eliminates the need for a centrifugation step to remove cellular debris that is present in raw harvests. 
In addition, the use of chromatographic resins for this step provides an initial purification and 
concentration step for any process. 

1 0 In order to achieve the degree of bed expansion, fluid flows from the bottom of the column to 

the top of the column at a constant linear velocity. Once the crude lysate is loading onto the column 
and all the cellular debris are are cleared, the column is packed with a downward flow as used in 
conventional chromatographic techniques. The target protein or viral product is eluted using standard 
chromatographic methods. 

1 5 The starting material for the EB A is cnide harvest derived from a continuous centrifuge (e.g., 

a Westphailia centrifuge), Mircofluidized, or Freeze-Thawed. The harvest is loaded directly onto the 
column with either Fractogel TMAE or Streamline QXL resin in expanded mode. The column is 
equilibrated with equilibration buffer prior to loading and the degree of expansion is maintained 
throughout the process until the column has reached a stable UV baseline after loading. Upon 

20 completion of column loading, the flow is reversed and the column is packed hydraulically with a 
downward flow. After the column is packed properly, the resin bed is washed with 5 column volume 
(CV) of equilibration before starting the elution gradient. The eluate is collected and analyzed by 
AIEX-HPLC, RP-HPLC, Pico Green, Q1A, and slot blot. Other assays not listed may also be 
performed. 

25 The eluate pool is optionally further processed either by Size Exclusion Chromatography (SEC) 

or by ultrafi Itration. In the case of ultrafiltration, the column eluate is diluted 1 : 1 00 with buffer and the 
volume is reduced to approximately 300 mL (including system flushes). The collected concentrate is 
formulated with 2% sucrose and frozen at -70C. Once again, samples are taken for various analysis 

■ 

to ensure product quality and purity. 
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If SEG is used, an appropriately sized SEC column is packed withTosohaas HW-65F resin 
and the column is loaded with 1 0% column volume of the eluate from the EBA step. The virus elutes 
in the excluded volume and fractions are collected and pooled according to the UV trace. The elution 
pooled and formulated with 2% sucrose. The formulated pool is frozen at -70C until it is thawed for 
vialing. Samples of the pooled material are taken for various analysis to ensure product quality and 



in 

is 



purity. 



Brief Description of the Drawings 

Figure 1 is a schematic illustration of a test procedure using a continuous centrifuge. 
Examples 

F.xamnle 1 - Tpst procedures using a co ntinuous centrifuge (See Figure 1 

A cell culture (infected or non-infected) is fed into the centrifuge bowl of acontinuous centrifuge 
(e.g. , a Westfalia CS A-l continuous centrifuge) for a predetermined time interval, during which the 
medium is continuously discharged (step 1 in Figure 1 ). At the conclusion of this interval, the cell 
culture feed is stopped and a buffer solution is fed into the bowl through a second flush line for an 
exchange of medium for a buffer (e.g., a freezing buffer). After the flush is stopped, the contents of the 
bowl (concentrated cell pellet in buffer) are then hydraulically ej ected from the centrifuge by isolated 
operating water. The feed of the cell culture is then restarted and the process continued until the 
harvest is complete. 

In test procedures, portions of the concentrated cell culture are then subjected to an additional 
lysis step, in order to determine, e.g., if an additional lysis procedure results in further lysis of the cells 
in the ejectate. In one set of experiments (step 2 in Figure 1), the ejectate is subjected to treatment in 
a Microfluidics HC-2000 Microfluidizer, which uses pneumatic intensifier pumps to supply a desired 
pressure at a constant rate to the product stream. The pump drives the product through fixed geometry 
microchannels inside an interaction chamber. As a result, the product stream, e.g. , mammalian cells, 
accelerates to high velocities, creating shear rates within the product stream producing high yield cell 
disruption. Following treatment in the Microfluidizer, the sample can be clarified by low speed 
centrifugation, and the supernatant examined for the presence of intracellular biological entities. In 
another set of experiments (step 3 in Figure 1), the ejectate is subj ected to a freeze- thaw procedure, 
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in which the ejectate is subjected to three alternating cycles of freezing and thawing. Following the 
freeze-thaw procedure, the sample can be clarified by low speed centrifugation, and the supernatant 
examined for the presence of intracellular biological entities. In the description herein of assays of 
samples from the above steps, e.g. , in Tables 1 -4 of Example 4, the samples from the various steps 
are referred to as follows: the media which is continuously discharged is "Discarded Growth Medium"; 
the ejectate from the centrifuge is " Ejectate - Concentrated Cell pellet"; a portion of the ejectate which 
is subjected to the freeze-thaw procedure and clarified by low speed centrifugation is "Freeze-Thaw - 
Final Processed Supernatant"; and a portion of the ejectate which is subjected to treatment with a 
Microfluidizer and clarified by low speed centrifugation is "Microfluidizer - Final Processed 
Supernatant," 

For comparison, a portion of the cell culture is processed, not in a continuous centrifuge, but 
by a "control" process (step 5 in Figure 1). The cells are subjected to batch centrifugation to 
concentrate the cell pellet from the conditioned media, and the supernatant is removed and replaced 
with a smaller volume of a buffer (e.g. , a freezing buffer), typically in a volume to achieve about a 30X 
reduction in volume. The cells are resuspended and subjected to three alternating cycles of freezing 
and thawing. In the description herein of assays of samples from the above steps, e.g. , in Tables 1 -4 
of Example 4, the samples from the various steps are referred to as follows: the supernatant (following 
concentration) is "Discarded Growth Medium"; and the resuspended pellet which is subjected to the 
freeze-thaw procedure and clarified by low speed centrifugation is "Freeze-Thaw - Final Processed 
Supernatant." 

Samples are analyzed using AIEX-HPLC analytical chromatography for total particle counts; 
Tiypan Blue Staining for visual inspection; and the Coulter Multisizer for mean particle size. Final crude 
(unpurified) viral supernatants from the centrifuge, Microfluidizer and Control Streams are also analyzed 
using the Quick Infecti vity Assay (QIA) to determine infectious titers. The QIA is a colorimetric assay 
based on conventional cytotoxic effect assays for calculation of the infectious viral titers. 

Example 2 - Testing a Westfalia Continuous Centrifuge with Uninfected Cells 

The Westfalia CS A- 1 Continuous Centrifuge is tested with uninfected mammalian cells grown 
in cell culture medium + 1 % serum in a 50 L reactor. The reactor working volume is 43 L. Cells are 
grown to a density of 1 x 10 6 cells/mL with greater than 90% viability. For this and all other 
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experiments described in these examples, the feed rate to the Westfalia is held at 1 .5L/min and the 

bowl is run at approximately 9000 rpm. 

To determine if lysis occurs within the concentrated cell stream, but not within the feed stream, 
the concentration of lactate dehydrogenase (LDH), a stable cytosolic enzyme released upon cell lysis, 
5 is measured in all streams using the colorimetric CytoTox 96 Non-radioactive Assay (Promega 
Corporation). 

A LDH positive control is used to construct a standard concentration curve in a 96-well plate. 
A minimum LDH concentration sample representing the control centri fugation is prepared by spinning 
a culture sample for 15 minutes at 1000 rpm and using the culture supernatant as the basal LDH 
1 0 concentration. The lysed cell LDH concentration sample is created through 3 freeze-thaw cycles of 
cell culture followed by a 1 5 minute spin at 1 000 rpm representing the maximum LDH concentration 

from within the media. 

Visual hemocytometer counts and particle size distributions are used to analyze samples from 
the initial feed stream, the concentrated cell stream (the "ejectate"), and the waste supernatant stream. 
Particle size distributions reflect, e.g. , the accumulation of cell debris as well as whole cells and are 

therefore an indication of cell lysis. 

Samples for the LDH Assay are taken from the supernatant stream at 5-minute intervals during 

the 20 minute separation. 

Cell Staining and Coulter Counter Results 
20 Cell Culture: 0.84 x 10* cells/mL 94% viability 

Westfalia supernatant outlet: no viable cells, large debris 

Westfalia concentrated cell pellet (-2.4L) some viable cells, most cells appear lysed 

■ 

Along with the appearance of more cell debris during staining, Coulter counter measurements 
demonstrate a reduction in particle size during processing. This demonstrates that the cells in the 

25 . ejectate are substantially lysed. 

The average LDH concentration for the supernatant outlet stream from the Westfalia is only 
3.3% higher than the background value from the cell culture control supernatant. Ejection of the cell 



15 
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pellet from the bowl I yses the cell fraction but it appears that no additional lysis occurs when the cells 
are entering the centrifuge chamber. 

If desired, biological entities present in. the ejectate (e.g., organelles orbiological molecules as 
defined herein) can be further isolated (e.g., subjected to purification steps). 



Example 3 - Preparation of Infected Cells 

In general, mammalian cells, grown in cell culture medium, are infected at a cell density between 
aboutO.Sx 10 6 cells/mL and about 1 x 10 6 cells/mL with Adenovirus containing either a therapeutic 
transgene or a marker lacZ) transgene, at a multiplicity of infection between about 15 and 50 
infectious particles/cell. The cultures are harvested approximately 48 hours post-infection. 



Example 4 - Testing a Westfalia Continuous Centrifuge with Infected Cells 

The Westfalia Continous Centrifuge is utilized to process four additional reactor preparations 
of Adenovirus infected cells. 



Experiment #1 

Cells which can serve as packaging cell lines are grown in cell culture medium + 2% serum. 
The cells are infected with recombinant Adenovirus containing a transgene in a 42 L working volume. 
At the time of harvest the cell density is 0.56 x 10 6 cells/mL with 66.1 % viability. 

Samples from the various steps are examined using cell staining, Coulter counter particle size 
distribution, AIEX-HPLC chromatography, and infectivity assays. 

The reduction in volume for the control process is 28X while processing with the Westfalia 
results in a volume reduction of approximately 18X. 



Visual examination using staining: 
Cell culture: 0.56 x 10 6 cells/mL with 66.1% viability 

Control supernatant: no visible cells, some small debris 

Control concentrated pellet: 12.5 x 10 6 cells/mL -74% viability, little debris 

Control lysed pellet: no viable cells, large cells clumps, difficult to count 

Westfalia supernatant outlet: supernatant is -clear of debris and viable cells 
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Westfaliaconcentratedcellpellet: -4x 10 6 cells/mL 25% viability in 1.8 L, significant disruption 

of cells, lots of debris 

MicronuidizerlysedceUou^ 

TheCoultercounterisusedtooblato 
5 scale-up processes at each unit operation. 



10 



Virus Recovery 

Total virus particles are determined using anion exchange chromatography, and infecUous 
pa rt icleconcentrationsarecalcu.ated llS mgth e QIA.(SeeTablel). Samples are analyzed from the 
Control Process (^carded Growth Medium; Final Processed Supernatant) and from the Westfaha 

CentrifugeProcess(Di^^ 

following treatment with the Micro fluidizer), and the results of the assays are shown m Table 



ejectate 



1. For a summary 



of each of these steps, and of the terms in the table, see Example 1. 



Table 1: Total and infectious virus titers from Experiment #1 



15 



20 



CONTROL 
PROCESS 



Freeze-Thaw 



WESTFALIA 



Freeze-Thaw 



Microfluidizer 



Discarded Growth 
Medium 



Final Processed 
Supernatant 



Total 
Virus/cell 



Not Detected 



Discarded Growth 
Medium 



% Difference 
from Control 



Final Processed 
Supernatant 



Final Processed 
Supernatant 



Not Detected 



5.2 x \0* 



4.9 x 10 4 



lU/cell 



37.0 



29.0 



Not Tested 



Not Tested 



2.2 x 10 3 



2.1 xlO* 



%IU 




4.3 



5.7 



Experiment #2 



-15- 



WO 02/070673 PCT/US02/05596 

Cells as in Experiment # 1 are grown in cell culture medium + 5% serum. The cells are infected 
with recombinant Adenovirus containing a marker gene, in cell culture medium + 2% serum (42 L 
working volume). At the time of harvest the cell density is 1 .46 x 10 6 cells/mL with 75% viability. 

The reduction in volume for the control process is 28X while processing with the Westfalia 
5 results in a volume reduction of approximately 23X. 

Visual examination using staining 
Cell culture: 1 .46 x 10 6 cells/mL with 75% viability 

Control supernatant: some visible cells 

» 

Control concentrated pellet: 23.2 x 10 6 cells/mL 72.4% viability 

10 Control lysed pellet: 14.4 x 10 6 cells/mL, no viable cells, large cell aggregates 

Westfalia supernatant outlet: supernatant is clear of debris and viable cells 

Westfalia concentrated cell pellet: 3.2 x 10 cells/mL0% viability in 1.8 L, significant disruption 

of cells, lots of debris 

Microfluidizer lysed cell outleto whole cells, uniform distribution of debris 
15 The Coulter counter is used to obtain mean particle size comparisons between the 

* 

control and scale-up processes at each unit operation. 
Virus Recovery 

Total virus particles are determined using anion exchange chromatography and infectious 
particle concentrations are calculated using the QIA (Table 2). Samples are tested as in the previous 
20 experiment with the addition of sampling of the concentrated cell pellet stream from the Westfalia prior 
to further processing ("Concentrated Cell Pellet"). 

Table 2: Total and infectious virus titers from Experiment #2 
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CONTROL 



Discarded Growth 
Medium 



Total 
Virus/Cell 



WESTFALIA 



Ejectate 



Discarded Growth 
Medium 



Concentrated Cell 
pellet 



Frecze-Thaw 



Final Processed 
Supernatant 



Microfluidizer 



Final Processed 
Supernatant 



9.8 x 10 : 



3.2 x 10' 



% Difference 
from Control 



IU/cell 



•97.0 



Not Tested 



6,2 x 10 2 



9.4 x 10 2 


-97.0 


Not Tested 


5.3 xtO 4 


68.0 


-t 2x I0 J 


5.9 x 10 4 


85.0 


1 1.2 xlO 3 


5.2 x 1 0 4 


62.0 


8.2xt0 : 



2.0 



2.0 



1.6 



10 



Experiment #3 

C* . in Expend. - ^ under perfusion inalOLseed reactor in «»*. c=U 
culture m ed, U m, — and M in 4S L wor k ,n S vo.ome. Tne ce„s - - 

cells/mL with 80.4% viability. 

results in a volume reduction of approximately 26X. 



Visual examination using staining 



Cell culture: 
15 Control supernatant: 

Control concentrated pellet: 
Control lysed pellet: 



0.64 x 10 6 cells/mL with 75% viability 
0.01 x 10 6 cells/mL, small bits of debris 
12 x 10 6 cells/mL 72.4% viability 
6.5 x 10 6 cells/mL, no viable cells 
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Westfalia supernatant outlet: supernatant is clear of debris and cells 

Westfalia concentrated cell pellet: no whole cells, lots of debris of various sizes, 1.3 L volume- 

Microfluidizer lysed cell outleflD whole cells, uniform distribution of debris 

The Cou Iter counter is used to obtain mean particle size comparisons between the control and 
scale-up processes at each unit operation. 

Virus recovery 

Total virus particles are determined using anion exchange chromatography and infectious 
particle concentrations are calculated using the Q1A (Table 3). 



Table 3: Total and infectious virus titers from Experiment #3 







Total 
Virus/Cell 


% Difference 
from Control 


IU/cell 


%IU 


CONTROL 














Discarded 
Growth Medium 


4.9 x I0 J 


-85.0 


Not Tested 


* 




Final Processed 
Supernatant 


3.1 x I0 5 


0.0 


1.4 x 10* 


4.2 


WESTFALIA 






• 








Discarded 
Growth Medium 


5.4 x 10* 


-84.0 


Not Tested 




Ejectate 


Concentrated 
Cell Pellet 


2.9 x 1 0 5 


-12.0 


2.4 x I0 4 


13.4 


Freeze-Thawcd 


Final Processed 
Supernatant 


4.1 x 10 J 


22.0 


1.6 x 10« 


4.2 


Microfluidizer 


Final Processed 
Supernatant 


2.7 x I0 J 


-19.0 

.. 


1.5 x 10* 


6.1 



Experiment #4 

Cells as in Experiment # I are grown under perfusion in a 1 0 L seed reactor in serum-free cell 
culture medium, transferred and infected in a 45 L working volume. The cells are infected with a 
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r ecomb to n, A d^v ira con B intaga mra g« 1 e. A .* e .i m «ofh U v eS .* e «Udc K Uyis0.4 5 x 1 0» 

cells/mL with 74.2% viability. 

Xhe reduction in volume for the control process is 20X while processing with the Westfaha 

results in a volume reduction of approximately 24X. 



5 



10 



Visual examination using staining 

0.45 x. 10 6 cells/mL with 74.2% viability 

0.04 x 1 0 6 cells/mL, not much debris 
8.4 x 1 0 6 cells/mL 73.4% viability 
no viable cells; large debris and cell aggregates 
supernatant is clear of debris and cells 
Westfalia concentrated cel. pellet: no cells, small size debris; some larger debris in 1 .8 L 

Microfluidizer lysed cell outletaiform debris 

TheCoultercounterisusedtoobtammeanparticlesizecompansonsbetweenthecontroland 

» 

scale-up processes at each unit operation. 



Cell culture: 
Control supernatant: 
Control concentrated pellet: 
Control lysed pellet: 
Westfalia supernatant outlet: 



15 



Virus recovery 

Total virus particles are determined using anion exchange chromatography and infect.ous 
particle concentrations are calculated using the Q1A (Table 4). 

Table 4: Total and infectious virus titers from Experiment #4 



20 







CONTROL 






Discarded 
Growth Medium 




Final Processed 
Supernatant 


WESTFALIA 






Discarded 
Growth Medium | 
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Ejectate 


Concent rated 
Cell Pellet 


3.0 x I0 5 


-25.2 


8.5 x 10 J 


2.8 


Freeze-Thawetl 


Final Processed 
Supernatant 


3.1 x I0 5 


31.0 


7.4 x 10* 


2.4 


Microlluidizcr 


Final Processed 
Supernatant 


2.2 x I0 3 


-10.1 


9.3 x 10 J 


4.3 



Examining total and infectious virus counts shows that the virus concentrations directly from the 
5 Westfalia meet or exceed the concentrations from other procedures. Results from the harvest 
experiments also reveal an invaluable advantage of using this harvest process. Upon ejection of the cell 
pellet from the unit, the cells are significantly lysed, yet the lysis occurs substantially entirely in the 
product stream, segregated from any waste streams. Total and infectious virus numbers demonstrate 
that the Adenovirus concentration is not harmed during this lysis. Further analysis of the mean particle 

1 0 sizes of the freeze-thaw procedure ("Control Procedure") compared to the Westfalia/Microfluidizer 
procedure, shows that not only does the Westfalia processing lyse the cells, but it appears more 
effective than the freeze-thaw (control) procedure. During the 3 cycles of freeze-thaw (control 
process), the cells appear to lyse; however, analysis of particle size indicates that the degree of lysis is 
less than that obtained with the Westfalia procedure. This is confirmed by visual observations. There 

1 5 is also relatively little mean diameter reduction from further processing of the Westfalia material with the 
micro fluidizer in the scale-up process. The yield per cell of virus particles or infectious units does not 
increase if ejectates taken directly from the Westafalia are subjected to further "lysis" procedures, such 
as three cycles of freeze-thaw or treatment with a micro fluidizer, nor does the degree of cell lysis 
increase. 

20 As can be seen from the Tables, the yield/cell of Adenovirus particles is in a range of about 1 .2 

to about 1 .6 fold greater when obtained by centri fugation and ejectation in the Westfalia than when 
obtained by batch centri fugation followed by three cycles of freeze-thaw. The yield of infectious 
Adenovirus is in a range of about 1 .5 to about 1 .9 fold higher. In other combinations of Adenovirus 
and cells, the increase in yield/cell can be higher. The yields can be determined with conventional 

25 methods, e.g., as described elsewhere herein. 
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From the foregoing description, one skilled in the art can easily ascertain the essential 
characteristics of this invention, and without departing from the spirit and scope thereof, can make 
changes and modifications of the invention to adapt it to various usage and conditions. 

Without further elaboration, it is believed that one skilled in the art can, using the preceding 
description, utilize the present invention to its fullest extent. The preceding preferred specific 
embedments are, therefore, to be construed as merely illustrative, and not limitative of the remainder 

of the disclosure in any way whatsoever. 

The entire disclosure of all applications, patents and publications cited above are hereby 

incorporated by reference. 
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WHAT IS CLAIMED IS: 

1 . A method to release viruses from animal cells containing said viruses, comprising 
subjecting the cells to continuous centrifugation under conditions effective to concentrate the 

cells into a cell pellet, and 

ejecting the pelleted cells from the centrifuge into a collection receptacle, under conditions 
effective to lyse cells, 

wherein no additional step effective to achieve cell lysis is performed. 

2. The method of claim 1, wherein the ejected cells are substantially lysed. 

3. The method of claim 1, wherein the ejected cells are predominantly lysed. 

4. The method of claim 1, wherein greater than 90% of the cells are lysed. 

> 

* 

5. The method of claim 1, wherein greater than 50% of the cells are lysed. 

6. The method of claim 1, wherein the cells are lysed as they are ejected. 

7. The method of claim 1, wherein the viruses are Adenoviruses. 

8. The method of claim 7, wherein the Adeno viruses are recombinant Adenoviruses suitable 
for gene therapy. 

9. The method of claim 7, wherein the yield/cell of Adenovirus particles or infectious 
Adenovirus is greater than that obtainable when cells containing said Adenovirus are lysed by a freeze- 
thaw procedure. 
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10. The method of claim 9, wherein the yield/cell of Adenovirus particles is about 1 .2 to about 
1 .6 fold greater than that obtainable when cells containing said Adenovirus are lysed by a freeze-thaw 
procedure. 

1 1 . The method of claim 9, wherein the yield/cell of infectious Adenovirus is about 1 .5 to about 
l.Qfoldgreaterthanthatobt^^ 

procedure.. 

12. The method of claim 1, wherein the cells are mammalian or insect cells. 

13. Themeth<)dofclaiml,whe^ 
O f6500to7500g. 



10 14 



. The method of claim 13, wherein said centrifugal force is about 7000 g. 



1 5. The method of claim 1 , wherein the pelleted cells are ejected through one or more ejecfon 
outlets having a rectangular shape and a cross-sect.onal area of 50 to 500 mm 2 . 

16. The method of claim 1 3, further wherein the pelleted cells are ejected through one or more 
ejection outlets having a rectangular shape and a cross-sectional area of 50 to 500 mm 1 . 

l5 n.Themethodofcl^ 
CSA-1 or CSC-6. 

IS.Themethodofclaiml.whereinthe forces exerted on the cells at the time of ejection are 
effective to substantially lyse the cells. 

19mamemodof re leasmg^cen 

20 centrifugation,^^ 

without performing an additional step effective to achieve cell lysis. 



-23- 



WO 02/070673 PCTAJS02/05596 

« 

20. A method to prepare a cell iysate, consisting of 

subjecting cells to continuous centrifugation to form a cell pellet, and 
ejecting said pelleted cells into a collection receptacle, wherein the collected cells are in the 
form of a cell lysate. 

21 . A method to prepare a cell lysate, comprising 

subjecting cells to continuous centrifugation under conditions effective to concentrate the cells 
into a cell pellet, and 

ejecting the pelleted cells from the centrifuge into acollection receptacle, wherein the collected 
cells are in the form of a cell lysate, 

wherein no additional step effective to achieve cell lysis is performed. 

22. Adenoviruses prepared by the method of claim 7. 

23. Adenoviruses prepared by the method of claim 17. 

24. A method to release viruses from animal cells containing said viruses, comprising 
subjecting the cells to continuous centrifugation under conditions effective to concentrate the 

cells. into a cell pellet, and 

ejecting the pelleted cells from the centrifuge into a collection receptacle, under conditions 

effective to lyse cells. 

25. The method of claim 24, wherein the ejected cells are substantially lysed. 

26. A method to release viruses from animal cells containing said viruses, consisting 
essentially of 

subjecting the cells to continuous centrifugation under conditions effective to concentrate the 

cells into a cell pellet, and 

ejecting the pelleted cells from the centrifuge into a collection receptacle, under conditions 

effective to lyse cells. 
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m o,ecu,e, fron, hos, ce„s co„,aini»g said organises, organelles or nro.ecuies, coning 
feeing teak » con,i^ cen.nfuga.ion urrfer condi,ions 

cells into a cell pellet, and 

^.ing.hepeilo.edcoiista.hecenmfugain.oaoo.Wonreceptaoic.untoconan.ons 

effective to lyse cells 

wherem no addiriona. step effective .0 achieve cell lysis is performed. 

». The m e,hod of Calm ,. further comprising soaring rhe ejecred ceils ,0 expanded had 
chromatography. 
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